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This work is aimed at enhancing the collection performance and establishing new evaluation 
techniques for respirator filters. The first chapter reviewed previous research and summarized the 
current issues in terms of three factors, “filter structure”, “particle size” and “breathing pattern”, 
which determine the respirator filter performance. The second chapter described the effect of 
nanofiber lamination on filter collection performance, as an issue of “filter structure”. The 
theoretical and experimental results obtained by the present work showed that uniform packing 
and three-dimensional lamination are the key parameters in enhancing the filtration efficiency 
with nanofiber filters. In the third chapter, as the issue of “particle size”, the threshold size at 
which thermal rebound of particles occurs like gas molecules was measured by using mono-
dispersed single macromolecular ions of polyethylene glycol. The generation of monodispersed 
sub-10 nm test particles and the detection method were established. The experimental data 
obtained with the nanosized particles test showed that the thermal rebound would not occur for 
the particle down to 1.8 nm. The forth chapter described the study on “breathing pattern” for 
testing respirator filters. A breathing simulator, which automatically corrected the piston position 
for generating actually-measured breathing patterns, was developed and applied for evaluating 
protective performance of respirators. Then the collection mechanisms of air filter under unsteady 
flow condition were studied using the newly-developed breathing simulator. The experimental 
results suggested that the change in airflow velocity through a mechanical filter would not affect 



































性の評価は、試験サンプルの圧力損失の理論値ΔPth と実測値ΔPexp より Eq.(1)のように不
均一性因子 δ [-]として算出した。 
δ ＝ΔPth /ΔPexp                        (1) 
これは、フィルタの圧力損失の実測値が理論値よりも低い要因が、繊維充填の不均一性に
よるものとして考慮されている。本研究で作成した試験サンプルの δ を Table1 に示した。
また、各積層方法におけるフィルタの理論透過率と実験値を Fig.1 に示した。ここで、理論
透過率は、単一繊維捕集効率 η を Eq.(2)のように不均一性因子 δ で補正して算出した。 





Table 1. Inhomogeneity factor (δ) of test samples 
Liquid filtration Gravitational settling 
Sample δ(-) Sample δ(-) 
Base filter 2.9 Base filter 2.9 
Sample A 7.2 Sample E 3.7 
Sample B 6.5 Sample F 2.5 
Sample C 7.3 Sample G 2.9 
Sample D 10.5 Sample H 5.2 
 
 
Fig.1. Measured and predicted penetrations of sample filters (u = 0.05 m/s). Left: Liquid filtration, 
















































































ける電気移動度 Zpより粒子の荷電数 p を 1 価として Eq.(3) を用いて求めた粒子径 dpは、
PEG 分子量 2000～75200 g/mol に対し 2.2～2.4nm となった。 
dp/Cc = pe/3πµZp                (3) 
ここで、CC は Cunningham の補正係数、µ は空気









2000g/mol と 4600 g/mol の単分子イオンはそれ




























































Fig.2 Particle size distributions of PEG2000 

































Fig.3. Single fiber collection efficiency of each PEG 






























































Fig. 5. Comparison of reproduced breathing patterns with 
and with the null position correction with the one 
measured by the breath recording device. 





Fig.6. Relationship between flow rate and 0.1μm particle penetration of glass fiber 
filter measured at cyclic and constant flow condition.  
Fig.7. Relationship between flow rate and 0.1µm particle penetration of discharged pp 
filter measured at cyclic and constant flow condition.  
Fig.8. Relationship between flow rate and 0.1µm particle penetration of pp filter 
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